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Introduction {#sec1}
============

Corona Virus Disease 2019 (COVID-19) was first reported in December, 2019 in Wuhan, China \[[@bib1]\]. This novel beta-coronavirus was initially designated as 2019-nCoV and renamed as SARS-CoV-2 after global consensus \[[@bib2]\]. By Mar 31, 2020, the disease has spread to more than 200 countries, including the USA, Italy, Iran, etc., with 662,037 confirmed patients and 37,819 deaths. Most patients are mildly ill and have flu-like symptoms, such as fever, cough, etc., however, there were also many patients developing acute respiratory distress syndrome (ARDS) or multiple organ failure (MOF) in a short time, and the mortality of critical patients has been reported to be as high as 50% \[[@bib3], [@bib4], [@bib5]\].

Previous studies have found that patients with comorbidities infected with SARS-CoV or MERS-CoV were more likely to progress to ARDS or even death \[[@bib6], [@bib7], [@bib8], [@bib9]\]. As dramatically increased numbers of patients are infected by SARS-CoV-2, clinicians are paying more and more attention to the impact of underlying diseases on the prognosis of COVID-19. A descriptive study of 1099 cases with COVID-19 showed that 23.7% patients had coexisting disorders, among which hypertension (15%), diabetes (7.4%), and coronary heart disease (2.5%) were the top three underlying diseases \[[@bib3]\]. Yang X. et al. reported that older patients (\>65 years) with comorbidities and ARDS are at increasing risk of death. Therefore, the comorbidities had been confirmed to be correlated with the severity of COVID-19 and could lead to poor prognosis or death \[[@bib5]\].

CVD is the leading global cause of death, accounting for more than 17.3 million deaths in 2013, and the toll might reach 23.6 million by 2030 \[[@bib10],[@bib11]\]. Several investigations have demonstrated a higher susceptibility to MERS-CoV and human papillomavirus infection in CVD patients, probably owing to endothelial dysfunction, metabolic abnormalities, and increased pro-inflammatory cytokine, which eventually lead to impaired immune function \[[@bib12]\]. In addition, CVD is a risk factor for poor prognosis and significantly increases the mortality of MERS \[[@bib9],[@bib13]\]. Several clinical studies have shown that CVD is the most common comorbidity in patients with COVID-19 and that the proportion of COVID-19 patients with CVD is higher in critically ill and dead cases \[[@bib14]\].

To determine whether CVD is a potential risk factor and to what extent it influences the progression and prognosis of COVID-19, 83 COVID-19 patients including 42 with CVD and 41 without CVD who were admitted to Wuhan Union Hospital from February 1, 2020 to February 20, 2020 were included in this study according to the inclusion criteria. Their basic information, laboratory examinations, chest CT scans, and treatments were collected and analyzed. We found that CVD is associated with the progression and poor prognosis of COVID-19.

Methods {#sec2}
=======

Ethical statement {#sec2.1}
-----------------

As a retrospective study, data analysis was performed anonymously. The study was approved by the Institutional Ethics Board of Wuhan Union Hospital of Tongji Medical College, Huazhong University of Science and Technology. The requirement for informed consent was waived by the Ethics Commission of the designated hospital for emerging infectious diseases.

Study design and participants {#sec2.2}
-----------------------------

The admitted COVID-19 patients in Wuhan Union hospital from February 1, 2020 to February 20, 2020 were enrolled into this retrospective single-center study. The treatments of all patients were according to the Diagnosis and Treatment Scheme of COVID-19 by National Health Commission and National Administration of Traditional Chinese Medicine of China. Severe COVID-19 was designated when the patients met one of the following criteria: 1) Respiratory distress with respiratory frequency ≥30/min; 2) Pulse Oximeter Oxygen Saturation ≤93% at rest; 3) Oxygenation index (artery partial pressure of oxygen/inspired oxygen fraction, PaO2/FiO2) ≤ 300 mmHg. And the clinical outcomes were monitored up. Medical records of all enrolled patients including demographic data, medical history, clinical characteristics, laboratory examinations, chest CT scans, and treatment measures were obtained.

We screened 178 confirmed COVID-19 patients. In order to avoid the interference of other diseases on the prognosis of COVID-19, patients with other underlying diseases were excluded in this study. At the end, 42 patients with CVD and 41 without CVD were enrolled in this study. In addition, CT imaging scores were used to quantify the pathological changes of lungs in COVID-19 patients. Each lobe (5 lobes in total) was assigned a score as described previously \[[@bib15]\]. The total CT score of every patient was the consensus of two physicians who were blinded to clinical information of the patients.

Statistical analysis {#sec2.3}
--------------------

The data analysis was performed of patients with CVD and patients without CVD. The categorical variables were summarized as counts or percentages, and continuous variables were expressed as medians and interquartile ranges (IQR) or simple ranges, as appropriate. No imputation was made for missing data. The categorical variables were compared using χ^2^ test, and the Fisher exact test was used when the data were limited. Continuous variables were compared using independent group t test when the data were normally distributed; otherwise, the Mann--Whitney test was used. The risk factor analysis of COVID-19 is based on logistic regression analysis. Data statistics was applied using SPSS 20.0 software, and *P* \< 0.05 was regarded as a significant difference.

Results {#sec3}
=======

Patient characteristics {#sec3.1}
-----------------------

The demographic and clinical characteristics of the patients are shown in [Table 1](#tbl1){ref-type="table"} . The median age of the patients was 43 years (IQR, 32--62) and 41% of the patients were male. For all patients, the two most common CVD were hypertension and coronary heart disease, and the top five symptoms were fever, shortness of breath, poor appetite, cough, and sputum production, whereas myalgia, chill, pharyngalgia, and headache were relatively rare. Compared with patients without CVD, patients with CVD were older and had poorer appetite, more nausea and vomiting, more severe cases, and higher mortality. However, there were no significant differences in gender, other baseline symptoms, and the time from onset of symptom to hospital admission between the two groups ([Table 1](#tbl1){ref-type="table"}). As the CVD group was older, in order to assess the impact of age on the progression of COVID-19, we performed a logistic regression analysis. The results showed that CVD was the risk factor for a severe event, but not age was not a risk factor in our study ([Table S1](#appsec1){ref-type="sec"}).Table 1Demographics and baseline characteristics of patients infected with SARS-CoV-2.Table 1No.(%)Total (n = 83)Non-CVD (n = 41)CVD (n = 42)*P*-value[a](#tbl1fna){ref-type="table-fn"}Age, median (IQR), y43 (32--62)32 (30--37)62 (50--68)\<0.01Gender Male34 (41)16 (39)18 (42.9)0.72 Female49 (59)25 (61)24 (57.1)BMI23.89 (21.97--25.3)22.82 (20.42--24.2)25.3 (23.96--26.65)\<0.01Hypertension33 (39.8)033 (78.6)\<0.01Coronary heart disease5 (6)05 (11.9)0.07Signs and symptoms Fever70 (84.3)35 (85.4)35 (83.3)0.80 Highest temperature, °C \<37.313 (15.7)6 (14.6)7 (16.7)0.84 37.3--38.022 (26.5)13 (31.7)9 (21.4)0.29 38.1--39.038 (45.7)21 (51.2)17 (40.5)0.33 \>39.010 (12.1)1 (2.5)9 (21.4)0.02Shortness of breath31 (37.3)14 (34.1)17 (40.5)0.55Poor appetite30 (36.1)5 (12.2)25 (59.5)\<0.01 Cough29 (34.9)17 (41.5)12 (28.6)0.22 Sputum production17 (20.5)8 (19.5)9 (21.4)0.83Myalgia8 (9.6)7 (17.1)1 (2.4)0.06Hypoxemia9 (10.8)2 (4.9)7 (16.7)0.17 Chill6 (7.2)4 (9.8)2 (4.8)0.65Pharyngalgia6 (7.2)5 (12.2)1 (2.4)0.19Headache6 (7.2)4 (9.8)2 (4.8)0.65Nausea and Vomiting6 (7.2)06 (14.3)0.04Chest pain3 (3.6)3 (7.3)00.23Dizziness2 (2.4)2 (4.9)00.15Onset of symptom to, median (IQR), d Hospital admission7 (5--12)7 (5--13.8)8 (5--10)0.31 Severe case18 (21.7)5 (12.2)13 (31.0)0.04Mortality6 (7.2)06 (14.3)0.04[^2]

CVD patients showed more serious lung injury, multiple enzyme release, inflammation storm, and hypercoagulability {#sec3.2}
-----------------------------------------------------------------------------------------------------------------

CT scans were performed at the time of admission, and the most common characteristics of chest CT were ground-glass opacity and bilateral patchy shadowing ([Fig. 1](#fig1){ref-type="fig"} A). Moreover, patients with CVD had more prominent radiologic abnormalities than those without CVD. Furthermore, the severity of pathological changes was evaluated by the quantifiable score system described before. We found that the patients with CVD presented higher CT imaging score compared with the patients without CVD ([Fig. 1](#fig1){ref-type="fig"}B).Figure 1**CT results of the patients with CVD and patients without CVD.** A. The representative CT images of the patients with CVD and patients without CVD. B. The CT score of the patients with CVD and patients without CVD. *P* \< 0.05 was considered statistically significant.Figure 1

For all patients, there were some abnormal laboratory test results ([Table 2](#tbl2){ref-type="table"} ), including serum amyloid A (SAA), c-reactive protein (CRP), serum ferritin, erythrocyte sedimentation rate (ESR), interleukin (IL)-6, and fibrinogen (FIB).Table 2Comparison of laboratory parameters between CVD and non-CVD COVID-19 patients.Table 2Normal RangeMedian (IQR)Total (n = 83)Non-CVD (n = 41)CVD (n = 42)*P* Value[a](#tbl2fna){ref-type="table-fn"}HBDH (U/L)72--182154 (134.5--205.0)142 (125.5--167.5)176 (146.5--226.0)\<0.01ALT (U/L)5--3521.5 (16--33.25)19 (14.5--31.5)26 (17--42)\<0.01LDH (U/L)109--245207 (178.5--282)187 (173--229)258 (205.75--321.75)0.01GGT (U/L)11--5016 (12.5--26.5)13 (11--16)24.5 (16--47.5)\<0.01AST (U/L)8--4023 (19--28.5)21.5 (17--26)26 (21.5--45.5)0.03ALP (U/L)40--15056 (47--73)50 (46--63)64 (55--81)\<0.01CK (U/L)38--17463 (47--90.5)57 (41.5--74.5)76.5 (54.75--109)\<0.01SAA (mg/dL)\<1047.35 (5.23--430.83)15.7 (3.8--73.1)339.4 (34.55--692.95)\<0.01TP (mg/L)64--8364.85 (59.53--70.68)68.75 (63.85--72.775)60.75 (57.675--65.3)\<0.01Prealbumin (mg/L)0.17--0.420.208 (0.14--0.25)0.212 (0.2--0.25)0.166 (0.12--0.23)0.02ALB (mg/L)35--5539.25 (35.98--42.53)41.4 (39.25--43.7)36.9 (34.4--38.9)\<0.01ALB/GLB1.5--2.51.6 (1.3--1.8)1.6 (1.4--1.8)1.5 (1.2--1.8)0.53Lymphocytes (×10^9^/L)1.1--3.21.15 (0.695--1.545)1.4 (1.08--1.81)0.805 (0.47--1.173)\<0.01Neutrophils (×10^9^/L)1.8--6.32.78 (2.015--4.115)2.55 (2.01--3.22)3.23 (2.023--5.7)0.03RBC (×10^12^/L)3.8--5.14.16 (3.87--4.44)4.3 (4.09--4.66)3.94 (3.763--4.218)\<0.01Hemoglobin (g/dL)115--150124 (117--135)132 (119--141)120 (115--129)\<0.01CRP (mg/L)\<89.625 (3.14--34.95)5.575 (3.14--13)21.35 (6.143--85.825)\<0.01Serum ferritin (ng/ml)21.8--275294.35 (88.28--713.85)99.9 (55.9--185.8)539.6 (313.1--914.5)\<0.01ESR (mm/h)\<1518.5 (7--40)10 (7--24)48 (25--76)\<0.01IL-6 (pg/ml)0.1--2.96.69 (3.33--15.535)3.69 (2.963--9.72)13.73 (6.56--24.13)\<0.01IL-10 (pg/ml)0.1--54.03 (3.425--4.75)3.58 (3.173--4.268)4.54 (3.75--4.83)\<0.01D-dimer (μg/L)\<0.50.41 (0.22--1.125)0.28 (0.22--0.348)1.105 (0.435--1.548)\<0.01FIB (g/L)2.0--4.04.01 (3.235--5.27)3.505 (2.82--4.07)5.01 (3.965--6.135)\<0.01[^3][^4]

It is worth noting that the levels of enzymes such as α-hydroxybutyrate dehydrogenase (HBDH), alanine aminotransferase (ALT), lactic dehydrogenase (LDH), γ-glutamyltransferase (GGT), alkaline phosphatase (ALP), and creatine kinase (CK) were higher in patients with CVD ([Table 2](#tbl2){ref-type="table"}, [Fig. 2](#fig2){ref-type="fig"} A). Furthermore, the levels of neutrophils, SAA, CRP, serum ferritin, ESR, IL-6, IL-10, and D-dimer, FIB were also significantly higher in the patients with CVD ([Table 2](#tbl2){ref-type="table"}, [Fig. 3](#fig3){ref-type="fig"} B and C). Further, the levels of total protein (TP), prealbumin, and albumin (ALB) ([Table 2](#tbl2){ref-type="table"}, [Fig. 2](#fig2){ref-type="fig"}B), the absolute counts of lymphocytes and red blood cells (RBC), and the level of hemoglobin ([Table 2](#tbl2){ref-type="table"}, [Fig. 3](#fig3){ref-type="fig"}A) were significantly lower in the CVD group compared to the non-CVD group. These data showed that the COVID-19 patients with CVD were at higher risk of tissue injury-related enzymes release, excessive uncontrolled inflammation responses, and hypercoagulable state, which may contribute to the poorer prognosis of COVID-19.Figure 2**Biochemical examination results of the patients with CVD and patients without CVD.***P* \< 0.05 was considered statistically significant.Figure 2Figure 3**Other laboratory tests of the patients with CVD and patients without CVD.** A. Blood test results of the patients with CVD and patients without CVD. B. Inflammation-related laboratory results of the patients with CVD and patients without CVD. C. Coagulation-related laboratory results of the patients with CVD and patient without CVD. *P* \< 0.05 was considered statistically significant.Figure 3

Discussion {#sec4}
==========

The prognosis of COVID-19 patients is regulated by many factors, and patients with underlying diseases such as tumors and CVD are more likely to have adverse outcomes \[[@bib16],[@bib17]\]. However, the pathological features of the COVID-19 patients with CVD are not well understood. In order to address the role of CVD in the progression and prognosis of COVID-19, the clinical characteristics of these COVID-19 patients should be identified, which can provide a foundation for risk factor management. Therefore, in this study, we retrospectively analyzed the differences in basic characteristics and laboratory tests between the COVID-19 patients with and without CVD and we tried to explain the differences.

Previous studies suggested that age, gender, and obesity are risk factors for CVD, as well as the poor prognosis of COVID-19 \[[@bib5]\]. In this study, we did found that the patients with CVD showed an older median age and a higher BMI score compared with those without CVD, while age was not the risk factor for the severe condition, and there was no difference in their gender composition. In addition to common symptoms, we found that gastrointestinal symptoms including poor appetite, nausea, and vomiting were more likely to occur in the patients with CVD, which may be related to the drugs that patients used. Some patients with CVD control blood pressure using ACEI/ARB drugs which inhibit the activity of ACE. However, despite the similarity in structure between ACE and ACE2, ACEI drugs cannot inhibit the activity of ACE2 \[[@bib18]\]. Further, Ferrario et al. found that the expressions of ACE2 in a rat model are increased by 4.7-fold and 2.8-fold after administration with ACEI and ARB drugs, respectively \[[@bib19]\]. SARS-CoV-2 enters cells by binding to ACE2 receptors on their surface, and ACE2 is highly expressed in mucosal epithelial cells of the respiratory and digestive tracts \[[@bib20], [@bib21], [@bib22]\]. Therefore, those patients with CVD using ACEI/ARB drugs to control blood pressure may be more vulnerable to the virus invade and have digestive symptoms after infection. Furthermore, the use of ACEI drugs in patients with viral pneumonia does not reduce the incidence of adverse outcomes, and it is not suggested that they be used in patients with COVID-19 \[[@bib19]\].

Chest CT images can be used as a reference of disease severity assessment. Next, we analyzed the changes in chest CT images in the CVD and the non-CVD group. Predictably, the CT image scores of patients with CVD were higher than those without CVD, which means that CVD patients have more severe infection. Indeed, the mortality of patients in the CVD group was significantly higher than that in the non-CVD group.

The adverse outcome of COVID-19 patient is associated with the damage of multiple organs, which was reflected by the elevated enzymes. Although our results showed that some enzyme levels are at normal range, the levels of enzymes in the CVD group are significantly higher than those in the non-CVD group, which means that the patients with CVD are more likely to suffer from multiple organ dysfunction syndrome (MODS). In addition, other researchers found that SRAS-CoV-2 could bind to ACE2 on myocardial cells, leading to a significant increase in myocardial injury markers. However, due to pathological changes, myocardial cells in patients with CVD are more susceptible to the damage of SARS-CoV-2, which may be the reason why there are differences in multiple enzyme release between the two groups of patients.

Furthermore, the levels of total protein, albumin, prealbumin, red blood cells, and hemoglobin in patients with CVD are significantly lower compared with those without CVD, which indicates potential immune dysfunction. Our data did display a lower lymphocyte count and a higher pro-inflammatory cytokine level in the CVD group, which signifies an increased occurrence of cytokine storm in these patients. According to previous research, cytokine storm plays an important role in the pathogenesis of SARS and MERS, and is also an important cause of death \[[@bib23],[@bib24]\]. In addition, cytokine storm is linked to the damage of myocardial cells and may be related to cardiovascular complications in patients with SARS-CoV infection \[[@bib25]\]. After infection, the levels of inflammation indicators like CRP, serum ferritin, ESR, and SSA were increased in COVID-19 patients and associated with the severity of the disease, and levels of these indicators in the patients with CVD were significantly higher than those without CVD. All these results above indicate that COVID-19 patients with CVD are more likely to form an inflammatory storm, which eventually leads to rapid deterioration of these patients\' conditions.

During the process of infection, pulmonary inflammation prevents the oxygen exchange in alveoli, leading to hypoxia in the body, which activates the fibrinolytic system. Compared with the non-CVD group, the levels of D-dimer and FIB were higher in patients of the CVD group, which means that they were more prone to hypercoagulability. It is worth noting that a hypercoagulable state is more likely to cause cardiovascular events such as acute myocardial infarction (AMI), and two patients suffered from AMI during their hospitalization in the CVD group (data not shown). Additionally, a hypercoagulable state also increases the risk of pulmonary embolism, which can explain the sudden occurrence of complications such as hypoxia and heart failure. In this study, all six death cases occurred in the CVD group and were caused by respiratory failure and circulatory failure, which is consistent with the prediction of the laboratory tests.

To sum up, our data indicate that the COVID-19 patients with CVD showed more severe clinical symptoms, lung injury, tissue injury-related enzymes release, excessive uncontrolled cytokine storm, and hypercoagulable state compared with the non-CVD patients. Therefore, CVD can be regarded as a risk factor for the progression and prognosis of COVDI-19. CVD makes it difficult for the treatment of COVID-19, and we should pay more attention to CVD patients to prevent the rapid deterioration caused by the disease.
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